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Abstract

In the growing digital era, Information Technology (IT) has created major breakthroughs in various fields, before
finally playing a significant role in the Smart City (SC) concept| as has been proven in many studies. Previous
studies have shown that IT implementation in SC varies greatly aslit has to be customized to the SC domain. Thus,
it is necessary to map the feasible IT adoption for each SC domain. Here, we conducted a literature review and
found several research themes of IT adoption in SC. Our findings include: () IT adoption in SC, and (ii) SC
domains. In this study, a literature review was conducted manually on journalslthat examined IT adoption in SC
d SC domains. The extraction and synthesis process results identified several research themes, including
Geographic Information Systems, In tcrnit)f Things (IoT), Big Data Analytics, and Wireless Sensor Networks.
Research questions are posed in each themk, which.can be helpful to insights for future research.
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1. INTRODUCTION (UPPERCASE, 10pt, bold)

Various information technologies that have been
applied to Smart City show the important role of
information technology for the success of the Smart

¢ concept. Previous studies explain that the internet
Ehings (IoT) is the basis for the realization of the
smart city concept. The use of IoT to optimize networ
traffic in real-time using DBN and clustering model:
has had a significant impact on city network
management.[1]. The role of Block Chain for IoT-
based Smart city provides confidence in the level of
securlty in transaction storage, privacy of citizens from
the threat of cyber crime [2]-[4]. However, [oT
devices have an impact on the waste of energy in the
city. So there is a need for further management of IoT
devices, namely with energy management wit
analytical data]5]. On the other hand, it is not only
about protecting citizens' privacy but also about
improving the quality of citizens by adopting big data
to build media literacy[6]. The use of cloud computing

more comprehensive decisions on various data to
achieve coordination between city operation
management and industrial development. In the

wireless infrastructure of smart city cities, network
deployment directly affects the quality of city network
services[7]. As done by [8] which designs social
physical security systems in the form of complex and
heterogeneous network systems used to integrate
human characteristics and social life. Research on the
impact of IT on all smart city sectors has been \.\-'idel)j
conducted as described earlier, and almost all smar
S e s must have technology in use. However,
it 1k important to note that researchers have used
various definitions of IT adoption and Smart City for
each city's problems. Therefore, a literature review is
required to clearly delineate the various IT adoptions
used and enable a reduction in the risk of
implementation failure [9]. Where themes and future
research directions can be identified. This is where the
cunlribulimt()f this research lies. Other research has
Bﬂ condutted by [10] review of ICT Governance

s to the investment and effective use of ICT to
guide organizations to achieve their strategic goals.
Then [11] provides direction for the use of ICT in each

Tq enrich this research in addition to identifying IT
adoption in smart cities, it also categorizes previous
research topics into themes. So that research on IT

and big data effectively integrates information to malkc\il.:i:ct such as e-services based on G2C, G2B, G2G.
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adoption g the context of smart cities can be clearly
mapped regarding technologies that can be applied and
new studies emerge based on these themes. The
following will explain what IT has been implemented
in SC and what SC domain mapping has currently been
developed.

2. dESEARCH METHOD

In this study, the literature review methodology is
based on the methodology developed [12].
Determining the study objectives, the literature
collection process, research il1cll|sim1>Land exclusiony,
data extraction, and synthesis are hll part of th
research technique. The next sections will go overeach
stage in detail.

2.1 Research objective and literature search

This study identifies the IT scope employed in
SC-related investigations. Furthermore, the IT
adoption and SC domains will be determined. This
must be done with the broad scope of SC in mind, both
in terms of the concept of SC and the domains of SC.
The grouping of prior investigations into topics is the
end consequence of this research. This is expected to
spark further investigation.

This research was conducted manually using the
terms "Information Technology 'a]d "Smart Cities" in
leading online databases such as IEEE, Science Direct,
ACM, Springer, Emerald, Googl Sch()laraAIS
Electronic Library, and Wiley Onling Library. These
keywords were chosen to produce search results that
reflect the extent of IT in South Carolina. Thcrc\gj
a total of 2,717 journals found in the search result?
The selection method yielded 48 journals, including 32
journal articles and 16 conference journals. The next
section will go over the inclusion and exclusion
criteria that were used.

2.2 Inclusion criteria

The joumals covered in this study are all in
English. Juurnell.»tthalt cﬁns Smart City domains or
IT adoption applied to Smart City domains (such as
Smart Water, Smart Waste, and so on) are the primary
criterion for journal selection. Data was taken from the
49 selected journals based on specific criteria, which
would subsequently be used to develop research
themes. The following information was taken from the
journals: study questions posed, terminology and IT
adoption utilized in SC, Smart City domains, and
variables supporting the Smart City concept. Section 3
will go over the data extraction outcomes.

3. RESULT AND DISCUSSION

This subsection will discuss two main points
resulting from the data extraction and synthesis. First,
it will provide an explanation of the scope of
information technology used in each of the Smart City
domains idemm] in the]previous research. Secondly,
it will discuss the divisidnof the research mto various
themes.

1
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3.1 Information technology and Smart City
Domain

Previous research has indicated diversity in ths)
scope of Information Technology (IT) applications in
the Smart City (SC) context. In this sub-section, we
will explain thearms used in this context. However,
before entering into further discussion, it is necessary
to first explain the domain at the core of Smart City.
Vito etal. [13]in their article provide a comprehensive
overview ()i'deﬁnili()ns.anensi()ns. performance, and
initiatives in the context of smart cities. They highlight
that the smart city concept does not only focus on
Tnformation and Communication Technology (ICT),
but also pays great attention to the 'quality of people
communities’. Damiri Riciardi argues that ICT
technologies can be used to monitor, assess and
improve the suslilinabipcrf()rmancc of smart cities.
She also proposes the Smart City Intellectual Capital
(SC-I(a:rameW()rk, which is comprised of six major
ideas: human, social, institutional, process, renewal,
and environmental. Furthermore, he proposed five
projected smart city outcomes: value, competitiveness,
resilience, sustainability, and quality of life. This study
demonstrates that information technology is critical to
achieving the Smart City aims.

3.1.1. Information Technology in the
context of Smart City

Based on several studies, Inf()rm;lti()n
Technology (IT) infrastructure, such as the Internet of
Things (IoT), is believed to have a direct influence on
Smart City (SC) #8lementation [14], [15]. However,
most IT research in the context of Smart City regards
IT as a variable or construct that can be used across
various s of Smart City. A major theme that
emerges in Smart City research is the critical role of
IT, and this approach is consistent with the
B;()mmcndaltic)ns that researchers put forward in a
Smart City context. In a Smart City context, there are
many ways to adopt Information Technology (IT). For
mplc. [11] suggested using smart sensing systems
to collect and manage real-time data ()mfclists' health
and air pollution. Wireless networks and the Internet
of Things (IoT) are the core empfiBis of
communication technology, serving as the main
infrastructure of a data-driven Smart City. In addition,
the most frequently emerging components in research
@ the Smart City field are IT adoptiffJsuch as
wireless networks, big dill‘:1 analytics, and the Internet
of Things (IoT).

1) Internet Of Things (IoT)

Adoption

In many studies on the Internet of Things (IoT),
there are two main references that iflCl] mentioned.
namely [6], [16], which discusses the concept of I(
The IoT paradigm encourages the potential of 10T to
support the vision of smart Eflles globally, so the
concept of IoT is considered as one of the key elements
in realizing smart cities [17]-[19]. This paradigm has




been the basis for resa'ch that identifies elements that
support the idea that the Internet of Things (IoT) 1s an
important component of smart cities. The Internet of
Things concept has been used in several studies, such
as [20], [21], to monitor energy consumption, forecast
energy demand, and reduce energy expenditure costs.
Furthermore, research [22] utilizing IoT to manage
municipal waste, while [23] is used to detect fires in
cities. In addition, the Internet of Things is also
capable of addressing urban problems and providing
rapid responses. [oT also plays a role in addressing
urban problems and providing rapid response, which
in turn results in improvements in the city structure
[24].

2) Big Data Analytics

Some researchers have utilized Big Data
technology to develop smart city concepts, as shown
by [25]-[27], using Big Data by utilizing artificial
mtelligence to detect fires in the city early [28]
utilizing Big Data to reduce the use of expensive
devices such as sensors and air condition monitoring
facilities in the city to address the city's pollution
problem. In addition, innovation in public policy is an
important component in smart city development.
These innovations include plans and policies made to
achieve certain goals in improving the welfare of
society. With Big Data, policy definitions can be
improved to achieve unprecedented levels of
effectiveness in various domains, such as economic or
social. However, along with that, maintaining the
privacy of re sidmﬂ also an important component in
achieving a better quality of life in the context of smart
cities. Accordingffl previous studies that researchers
reference, many technologies are used by researchers
to solve problems uniquely] For example [23]
menggunakan Internet of Thidgs untuk mendeteksi
kebakaran kota secara dini, dan [29] using big data to
tackle urban fires. Various technologies can be used to
solve similar problems. Therefore, it is important '
identify the most appropriate technologies
implement the smart city concept and minimize the use
of useless applications, as discussed in this study.

3.1.2. Smart city dimension

This section describes the domains that will be
covered ifgkfis research. In general, smart city domains
include smart water management, smart waste
management, smart pollution control, smart energy
management, smart transportation systems, and smart
healthcare. The following is a further explanation:

1) Smart Water

Water is a very important resolm in human life,
therefore, smart water management plays a crucial role
in the context of smart cities. [28] proposes the use of
Internet of Things (IoT) architecture for intelligent
water system management and monitoring. This
architectural solution is designed to support a,
paradigm shift in water distribution network
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management by developing IoT-based Water Wise
System software powered by machine learning, large-
scale clustering algorithms, and deep learning, as well
as integration with SCADA and GIS systems] It is
hoped that this architectural solution can ] help
overcome problems in urban water managemeny [30]—
[33].

The use of conventional methods in mangging the
city's current water resources can result infexcessive
and uncontrolled water usage. To oveycome this
problem [34] introduced smart meters that utilize big
data technology to create an intelligent syftem that can
manage the water cycle, from water pyocurement to
water distribution, with the aim of fmproving the
efficiency of city water use.

2) Sumart Sewage

To better understand the r of information
technology in the context of smart/waste management,
it is important to identify approgches that have been
used to address waste mana; nt issues in many
countries. The merging f information and
communication technologies (1CT) and the Internet of
Things (IoT) into new appr @s to improving the
efficiency and effectivenegs of waste management
systems around the woyld is one of the new
approaches. Examples of ICT and IoT integration
include the use of local s¢gnsors, data fusion, ext@five
data analysis, and undepstanding-based actions in the
text of waste management. This approach enables
real-time monitoring ¢f waste Bnagcmcnt processes,
which in turn enablgs more efficient and effective
waste management, and transforms complex waste
characteristics into/valuable resources, materials, and
energy [22], [35]-f40]. In addition, [41] has developed
a cyber-physical /system application with the aim of
physically integyating smart waste collection systems
and digital te¢ghnologies to calculate, control and
communicate All components of waste management,
including “hnologies,  facilities,  information,
sensors, actyfators and networks that connect physical
and digital vork in waste management.

3) Smart/Pollution

Sensprs, mobile devices, social media, and the
ubiquitpus availability of accessible data have altered
how dita is utilized to assist policy and science. These
changes open up opportunities and pose challenges for
scieice and policymaking. To explore potential
benkfits and mitigate risks, it is iml:mml to address
sofme current limitations, especially in the context of
I tcmctf’l'hings (IoT) deployment in smart cities and

nvironmental monitoring. Such limitations include
the development of new spatiotemporal analysis
techniques, sensor interoperability, data quality, and
access security [42]. In this perspective, this article
‘;ents an overview of the AirSensEUR initiative.
The project's goal is to create a low-cost multi-sensor
mdwzlre and software platform that can constantly
monitor air pollution at low concentration levels.




AirSensEUR is introduced with a focus on l
management and offers an insight on numerous use-
case scenarios where trustworthy and fast air quality
data is crucial [19][43], [44].

4) Smart Energy

As social and environmental changes are
significant at the global level, many cities around the
world have changed their infrastructure strategies to
promote sustainable mobility, develop renewable
energy sources, increase renewable energy production,
improve waste management, and adopt ICT
infrastructure. In smart city energy systems, greater
integration of heat and power sources is required, as
well as a high degree of integration bet»an
households, businesses, industries, and utilities. The
application of the Internet of Things (IoT) enables
smart cities to efficiently control energy through
C()mpnlcnsive monitoring and secure communication
[20]. Wireless Sensor Networks (WSNs) are a key
component in the Internet of Things (IoT) and smart
cities. Today! ToT relies on WSNs as zunmp()rtzml
platform for sensing and data exchange. One of the
main strategies to reduce energy consumption in
‘WSNs with highly dense sensors is to maximize the
sleep period of the sensors at all times, since WSN
platforms use a large amount of energy [6], [21].

5) Smart Transportation

The city's scarce resources, notably transportation,
are under severe strain as the cita population
continues to grow [3], [42], [44], [45]. Under the new
era of the Internet of Things (IoT), the mzlmic
improvement of transportation has bec:()la a major
focus in the development of smart cities. Urban road
traffic is at the core of many challenges in various
fields, including traffic congestion problems and
processing center system planning. One proposed

Geographic Information
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solution is transportation planning based on real-time
data from IoT and Geographic Information System
(GIS). This data is then processed using Deep Belief
Networks (DBN) and K-meanalg()rithm to create a
near-practice solution that can meet the requirements
of high performance and cost efficiency [2].

6) Smart Health

The increase in the average age of the population
has driven the mmnd for better health services.
Advances in information and communication
technology (ICT) have men impetus to the
development of smart cities in various aspects of life,
uding smart health (s-Health). In this context, s-
Health is used to improve healthcare by providing
various services, such as patient monitoring and early|
diagnosis of diseases| One example is the s-Healt
application developed by [46], which is used to detect
various diseases, including glucoma, Alzheimer's
disease, bacterial sepsis, and others, by utilizing
machine learning approaches. In addition [47] has
proposed a patient care system framework that enables
more advanced care and pmse tracking of treatment
locations. A combination of big data and Inlcmcil()f
Things (IoT) is used for data management of patients
under treatment.

3.2 Research Themes

This section outlines the identified research
themes, which are primarily based on the ty()f
information technology (IT) that can be applied in the
context of smart cities. Fme 1 provides an overview
of the research themes in the field of Information
Technology in Smart Cities.

Big Data Analytics

System (GIS)

+ water fiow management
+ weater flaw predi water distribution managemant
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Figure 1. Research themes of IT adoption in Smart City

32.1. Gcogrelphicelll Information System (GIS)




This category or theme includes studies
mvolving )gralphic Information Systems (GIS) and
how GIS plays a role in the Smart City context, for
example by using imagery such as ALOS ANVIR-2,
Landsat ETM, and others. This research highlights the
contribution of GIS in smart city development as an
important tool for monitoring city conditions and the
impact of related policies[48]. This gives urban
practitioners and researchers the means to utilize GIS
in their efforts to improve cities. For example, [30]
developed a Water Wise System application that uses
GIS to manage the city's water resources, including
water flow management, water flow prediction, and
river network management that automatically pumps
water if the river flow drops. In addition, GIS is also
used to predict city air conditions in real-time, as done
by [19] with water system management applications to
predict a city's pollution levels and its sensitivity to
traffic-induced air distribution. In addition, GIS is also
used to predict the spread of disease in cities, as done
by [43], which utilizes machine learning on GIS to
predict the spread of diseases, distribution of health
workers, and location of health facilities. The first
research question (RQ1), based on past research, is to
identify the sorts of urban problems that can be solved
using Geographic Information System (GIS). The first
study topic is, "How can we assess the success of GIS
implementation in smart cities?"

3.2.2. Internet of Things (IoT) on Smart Cities

Some of the research that has been discussed in
this category includes [2], [3]. [31], [44], [47], as well
as additional research conducted by [16], [24]. This
research has been successful in developing the smart
city concept b;ld()pting Information Technology
(IT), especially the Internet of Things (IoT), as a key
technology . The outcomes of this research include city
water use efficiency, city wastenagement, and city
traffic management. However, the main focus of this
research is on the technological aspect, and has not
considered the significant energy consumption
required by IoT devices mlcrefore [20] tries to
provide solutions to reduce the energy consumption of
IoT devices. Based on the previous literature revige
the second research question (RQ2) is: Does the
implementation of loT in smart cities ensure the
physical safety of citizens, and how does it impact the
efficiency and effectiveness of smart cities?

32.3. Big Data Analytics

Selain In addition to IoT as the main
technology as an adoption technology for smart cities
[25],[26] ild()plmig data analytics as the technology
used to develop the smart city concept. The variable of
water distribution management and automatically
process is used by [28], [30], [34] to manage water
sources and automate the process of water distribution
in the city so as to cut unnecessary city energy. Then
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the variable of water control and monitoring in the city
is carried out by [19] to monitor air pollution
conditions in the city. This needs to be done to keep
the air quality in the city healthy away from all bacteria
and viruses. To maintain the health of the city [43]
developed s-health applications to monitor paltie
early diagnosis of disease. Then [49] combines big
data analytics with to track the location of the
referral hospital and monitor the patient's condition in
real-time while on the way to the referral hospital.
Based on previous research, (RQ3) is what smart city
variables can use big data?

324, Wireless Sensor Network (WSN)

In the context of IoT adoption, 10T devices are
known to have considerable energy consumption,
making it important to manage energy sources in smart
cities. As a solution, [21] utilizing wireless sensor
mw()rks (WSN) embedded in 10T devices to reduce
the use of energy sources. In addition to minimizing
energy consumption, the adoption of WSN also
enables city energy consumption surveillance, energy
usage monitoring, and more efficient automation in
city energy management. In addition, in terms of
security [23] using WSN technology in IoT devices to
detect fires that can be caused by over-energization or
electrical faults that might cause fires. Based on
previous research, the fourth research question (RQ4)
is: Can WSN minimize energy usage in the context of
.s'mc.'rj city? And how do WSN and IoT compare in
smard cities?

4. CONCLUSION

In summary, this research uses a systematic
literature review method to explore IT adoption in the
context of SC and its implementation in each domain
of SC. This research aims to identify technologies that
can be adopted in the smart city concept so that the
technology used is truly beneficial to the city.
However, there are still several areas that need to be
investigated in this research. Firstly, whether the
technologies that have been described in this research,
such as those described by [16], [25], Secondly,
enabling factors, including the role of people, have not
been fully identified in the context of technology
adoption, as described by the researchers. Second,
enabling factors, including the role of humans, have
not been fully identified in the context of technology
adoption, as explained by [2], [21], [25], [30]. And
third, the indicators for each technology domain have
not been klearly identified. All these questions will be
the focus of this research as they indicate that research
on information technology adoption in smart cities still
has an important need. Based on the findings of the
literature evaluation, this study effectively developed
four relevant research questions based on the resultant
research theme. This research theme is expected to
address future challenges with various IT adoptions in
SC and other fields. It is important to map the




appropriate technology to make IT procurement
investment efficient and effective.
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